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Femtosecond-laser post-processing is an attractive approach for fast (few minutes/chip) 
and direct on-chip integration of optical waveguides to transport light along arbitrary 3D 
trajectories to excite fluorescent-labeled biomolecules in fluidic microchannels. This 
value addition to device portability in point-of-care applications complements the mature 
lab-on-a-chip mass-production technologies. Such commercial fused-silica capillary 
electrophoresis (CE) chips were empowered with monolithically integrated, 
femtosecond-laser-written waveguide arrays intersecting the separation channel [1]. The 
inherently aligned 12-micrometer excitation/detection windows enable high-spatial-
resolution visualization and monitoring of different fluorescent analytes during CE 
separation. Wavelength-selective monitoring of on-chip separation of the fluorescent 
dyes Fluorescein, Rhodamine-B, and Rhodamine-6G has been implemented as a proof of 
principle. Excitation/detection of fluorescent-labeled DNA molecules during their on-
chip separation has also been demonstrated [2], as applicable in diagnostic bioassays to 
detect genetic disorders, e.g. breast cancer. The DNA amplicon (length ~150bp) was 
produced by polymerase chain reaction targeting specific, diagnostically relevant regions 
of the ERBB2 gene, and labeled with the intercalating fluorescent dye SYBR Green. 
Laser excitation was performed at wavelengths of 543 nm and 488 nm, respectively. It is 
foreseen in the near future to achieve multi-point, multi-wavelength online monitoring of 
the CE separation of fluorescent-labeled DNA molecules at low a limit of detection. 
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Summary: 
Monolithic integration of optical waveguides in a commercial lab-on-a-chip by 
femtosecond-laser material processing enables arbitrary 3D geometries of optical sensing 
structures in combination with fluidic microchannels. Integrated fluorescence monitoring 
of molecular separation, as applicable in point-of-care diagnostic bioassays is 
demonstrated.   
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